ABSTRACT -Context -Presently the MELD score is used as the waiting list criterion for liver transplantation in Brazil. In this method more critical patients are considered priority to transplantation. Objective -To compare the results of liver transplantation when the chronologic waiting list was the criterion for organ allocation (pre-MELD era) with MELD score period (MELD era) in one liver transplantation unit in Brazil. Methods -The charts of the patients subjected to liver transplantation at the Hospital de Clínicas da Universidade Federal do Paraná, Curitiba, PR, Brazil, were reviewed from January of 2001 to August of 2008. Patients were divided into two groups: pre-MELD era and MELD era. They were compared in relation to demographics of donors and receptors, etiology of cirrhosis, cold and warm ischemia time, presence of hepatocellular carcinoma, MELD score and Child-Pugh score and classification at the time of transplantation, units of red blood cells transfused during the transplantation, intensive care unit stay, total hospital stay and 3 month and 1 year survival. Results -Initially, 205 liver transplantations were analyzed. Ninety four were excluded and 111 were included: 71 on the pre-MELD era and 40 on the MELD era. The two groups were comparable in relation to donors and receptors age and sex, etiology of cirrhosis and cold and warm ischemia time. The receptors of the MELD era had more hepatocellular carcinoma than those of the pre-MELD era (37.5% vs 16.9%). Patients with hepatocellular carcinoma had less advanced cirrhosis on both eras. The MELD score was the same on both eras. Excluding the cases of hepatocellular carcinoma, MELD era score was higher than pre-MELD score (18.2 vs 15.8). There were an increased number of transplants on Child-Pugh A and C and a decreased number on Child-Pugh B receptors on MELD era. Both eras had the same need of red blood cells transfusion, intensive care unit stay and hospital stay. Also, 3 month and 1 year survival were the same: 76% and 74.6% on pre-MELD era and 75% and 70.9% on MELD era. Conclusion -In our center, after the introduction of MELD score as the priority criterion for liver transplantation there were an increased number of transplants with hepatocellular carcinoma. Excluding these patients, the receptors were operated upon with more advanced cirrhosis. Nevertheless the patients had the same need for red blood cells transfusion, intensive care unit and hospital stay and 3 months and 1 year survival.
INTRODUCTION
End-stage liver disease is considered one of the major causes of death in the United States and its treatment is a major public health dilemma. There were 27,530 deaths related to end-stage liver disease (9.3 deaths per 100,000 persons) in 2005 (6) . The treatment of choice for selected end-stage liver disease patients is liver transplantation. In the last years the number of individuals listed for transplantation increased more than the number of transplants performed (23) . In Brazil, 564 liver transplantations were done in 2001 (1) .
In 2008 it had a 2 fold increase to 1175 transplants. But the number of patients on waiting list had a 2.5 fold increase, from 2,539 to 6,505 patients on the same period (1) . This has caused an increase in waiting time and mortality of candidates to liver transplant (23) . One Brazilian liver transplantation center has shown a 20% mortality for patients on waiting list (4) . Other study has shown 12% mortality rate for 3-month waiting list (24) . The model for end-stage liver disease (MELD) was introduced in Brazil for organ allocation in 2006. This model assess the severity of cirrhosis and predicts mortality (5, 7, 15, 20) . It gives priority to candidates to transplant with more severe disease. It also prioritizes patients with hepatocellular carcinoma. Before the MELD was introduced, organ allocation was based on chronological waiting time.
Following the introduction of MELD in the United States in 2001, many transplantation centers have shown reduction of mortality rates for candidates on waiting list (9, 16) . However, some surgeons have hypothesized that the MELD model could increase the transplantation morbidity and mortality, since this system gives priority to candidates with more severe cases of cirrhosis. Only a few data were published in Brazil evaluating liver transplantation complications after the introduction of the MELD.
This study aimed to compare the results of liver transplantation before and after the introduction of the MELD in one Brazilian center.
METHODS
The charts of all patients subjected to liver transplantation at the Hospital de Clínicas, Universidade Federal do Paraná, Curitiba, PR, Brazil, between January of 2001 and August of 2008 were reviewed. They were divided into two groups according to the period in which the transplant was done: pre-MELD era, for the transplants done from January 2001 to June of 2006, when the criterion for organ allocation was the chronological time, and MELD era, from July of 2006 to August of 2008, when the criterion for organ allocation was the MELD score.
The following information were collected from the receptors: sex, age, etiology of cirrhosis, presence of hepatocellular carcinoma, MELD score and Child-Pugh classification at the time of the transplantation, warm ischemia time, units of red blood cells transfused during the transplantation, intensive care unit (ICU) stay, hospital stay, 3-month and 1-year cumulative survival after the transplantation. The MELD score on MELD era was represented without considering the extra points conferred in patients with hepatocellular carcinoma. The following information was collected from the donors: sex, age and cold ischemia time. In relation to the etiology of the cirrhosis the patients were divided into three groups: cholestatic diseases, hepatitis C and other etiologies. On cholestatic diseases group were included the cases of primary biliary cirrhosis, primary sclerosing cholangitis and secondary biliary cirrhosis. On other etiologies were included alcoholic cirrhosis, hepatitis B, autoimmune hepatitis, cryptogenic cirrhosis, alpha-1 antitrypsine deficiency, and association of hepatitis B and alcoholic cirrhosis. Comparison of all this information was done between the pre-MELD and the MELD eras.
The survival analysis was done as follows: a) comparing pre-MELD and MELD eras; comparing pre-MELD and MELD eras excluding patients with hepatocellular carcinoma; comparing patients with hepatocellular carcinoma with patients without hepatocellular carcinoma on pre-MELD era and also on MELD era.
The exclusion criteria were: incomplete charts, transplants done for other reasons than liver cirrhosis, pediatric liver transplants, living-related liver transplantation and multiple organ transplantations.
The statistical analysis was done with the Kaplan-Meier method and the Log-Rank test for cumulative survival. The comparison between pre-MELD and MELD eras for the other data was done with the t-test for mean values and the chi-square test for proportions. It was considered the level of 5% for significance (P ≤ 0.05).
RESULTS
Initially, 205 liver transplantations were analyzed. Ninety four cases were excluded: 75 due to incomplete charts, 4 pediatric liver transplantations, 2 fulminant hepatic failures, 6 living-related liver transplantations, 5 retransplants for hepatic artery thrombosis and 2 simultaneous liver and kidney transplantations. One hundred and eleven cases were included: 71 in the pre-MELD era and 40 in the MELD era. The sex and age distribution and the etiology of cirrhosis were the same on both eras (Table 1) . Females were younger than males, both in the pre-MELD era (43.8 ± 14 vs 52.7 ± 10 years) (P = 0.002) and in the MELD era 37.5 ± 14 vs 48.9 ± 10 years) (P<0.001). Most of the donors were male: 71.8% in the pre-MELD era and 65% in the MELD era. There was no difference between the two eras in relation to donor age (35.3 ± 13 for the pre-MELD era vs 31.8 ± 14 years for the MELD era) and cold and warm ischemia time. There was an increase in the number of transplantations done in patients with hepatocellular carcinoma (Table 2 ). In the pre-MELD era 16.9% of receptors had hepatocellular carcinoma and in the MELD era 37.5% (P = 0.01). There was no difference in the general MELD score between the two eras ( Table 2 ). The MELD score of patients with hepatocellular carcinoma was also the same ( Table 2 ). The MELD score of patients without hepatocellular carcinoma was 18.2 ± 6 in the MELD era (Table 2) , this value was higher than the MELD score in the pre-MELD era (15.8 ± 4). In the pre-MELD era patients without hepatocellular carcinoma had MELD score higher than patients with hepatocellular carcinoma (Table 2 ). The same was observed in the MELD era ( Table 2 ). The Child-Pugh score was also the same in both eras (Table 2 ) but the distribution of Child-Pugh classes was different. In the MELD era it was observed an increase in the number of Child-Pugh A and C and a decrease in the number of Child-Pugh B patients ( Table 2 ). The analysis of patients without hepatocellular carcinoma showed the same score and distribution of classes in both eras (Table 2) .
DISCUSSION
MELD score was originally developed to select candidates to TIPS (transjugular intrahepatic portosystemic shunt) (12, 18) .
Over time it has been demonstrated to be an excellent predictor of morbidity and mortality of cirrhotic patients (24) . MELD score is superior to Child-Pugh classification because it considers only objective parameters: bilirrubin, INR and creatinin (8, 15) . Many authors have shown that MELD score also proved to predict morbidity and mortality after liver transplantation (11, 16, 18) . One study divided 1,472 patients into 3 groups according to MELD score: from 6 to 15, 16 to 25 and higher than 25. Posttransplant survival was different between the groups. One year survival was 86%, 85% and 75% and 10 year survival was 62%, 59%, 45%, respectively (11) . Other study with 8,102 patients showed that an increase of 10 points on MELD score is associated to 39% increment on 1 year mortality after liver transplantation (16) . 
Days
Red blood cells transfusion, ICU stay and hospital stay were similar in both eras (Table 2 ). This was also observed in the analysis of patients with and without hepatocellular carcinoma. Figures 1 and 2 show 3-month and 1-year cumulative survival. Three-month cumulative survival was 76% in the pre-MELD era and 75% in the MELD era (P = 0.9). Oneyear cumulative survival was 74.6% in the pre-MELD and 70.9% in the MELD era (P = 0.6). Excluding patients with hepatocellular carcinoma the 3-month cumulative survival was 72.8% in pre-MELD era and 68% in the MELD era (P = 0.6). The 1-year cumulative survival was 69.4% and 57.8% (P = 0.3). In the pre-MELD era, patients with hepatocellular carcinoma had higher cumulative survival than patients without hepatocellular carcinoma: 3-month survival was 100% vs 72.8% (P = 0.04) and 1-year survival was 100% vs 69.4% (P = 0.02). In the MELD era the 3-month cumulative survival was the same, 86.6% vs 68% (P = 0.2); but the 1-year cumulative survival was higher in patients with hepatocellular carcinoma, 91.6% vs 57.8 % (P = 0.04). Nine cases in the MELD era were excluded of the survival analysis because they did not completed 1 year of follow-up. The MELD score was introduced in Brazil in 2006 as liver allocation criterion. The idea was to transplant patients with more severe disease and reduce waiting list mortality. If one accepts that higher MELD scores are associated to worse prognosis, one could speculate that higher scores could decrease the short term survival after liver transplantation. In this study we did not observe differences in 3 month and 1 year survival comparing pre-MELD and MELD eras. Furthermore, indicators of complications or worse evolution, as units of red blood cell transfused, ICU and hospital stay, were similar in both groups. We have to consider that the general MELD score was the same between the two eras. Excluding patients with hepatocellular carcinoma we observed higher MELD score on MELD era. This difference was very small and the 3 month and 1 year cumulative survival rates were also the same in the two groups.
In Brazil, patients with cirrhosis and hepatocellular carcinoma are listed to liver transplantation according to Milan criteria: 1 nodule of less than 5 cm in diameter or a maximum of 3 nodules, each one less of 3 cm in diameter (19) . To avoid tumor growth beyond Milan criteria while the patient is on waiting list, extra points are added on MELD score. Therefore, some patients with hepatocellular carcinoma are transplanted earlier in the evolution of cirrhosis. According to Brazilian legislation, patients with hepatocellular carcinoma receive initially 20 points extra on MELD score. This value is added to MELD score calculated from bilirrubin level, INR and creatinin level. The resulting value is determinant on waiting list ordering. This is the reason why in this study we have observed an increase in the number of liver transplantations in patients with hepatocellular carcinoma on MELD era in relation to pre-MELD era. In other countries, the mortality on waiting list decreased and the number of transplants of patients with hepatocellular carcinoma also increased after adoption of the MELD score as criterion to liver allocation (2, 21, 25) . In this study, patients with hepatocellular carcinoma of the MELD era were transplanted with lower stage of the Child-Pugh classification than patients without hepatocellular carcinoma. The same happened with the MELD score if extra points are not considered in patients with hepatocellular carcinoma. But on pre-MELD era, when patients with hepatocellular carcinoma did not received extra points, they also presented with lower MELD score. The reason is that patients with hepatocellular carcinoma are referred to liver transplantation earlier, when the procedure would not be indicated only due to the stage of cirrhosis. The fact that patients with hepatocellular carcinoma are transplanted in less advanced stage of cirrhosis reflects in less morbidity and mortality. We have previously shown a better 3 month and 1 year cumulative survival in patients with hepatocellular carcinoma in the pre-MELD era (10) . In this study this was also observed in the pre-MELD era and for 1 year survival in the MELD era. United Network for Organ Sharing -UNOS data have shown the same 1 year survival for patients with and without hepatocellular carcinoma (22) . Other authors have shown good short time survival after liver transplantation in patients with hepatocellular carcinoma (3, 13, 14, 17, 19, 26) . The 1 year cumulative survival ranged from 70% to 90%.
Considering that patients with hepatocellular carcinoma must be assessed apart because they receive extra points and are transplanted with less severe cirrhosis we analyzed the MELD score excluding these patients. We have observed that transplant was done in patients with higher MELD score in the MELD era than in the pre-MELD era. Also, even including patients with hepatocellular carcinoma, we have observed changes on Child-Pugh distribution. There were increase in the number of Child-Pugh A and C and decrease in the number of Child-Pugh B patients. This distribution reflects the increased number of hepatocellular carcinoma transplanted, that are mostly Child-Pugh class A, and the increased number of more severe cirrhotic patients transplanted in the MELD era, that are mostly patients without hepatocellular carcinoma.
CONCLUSION
In our center, after the introduction of MELD score as priority criterion for liver transplantation, it was observed increase in the number of transplant of patients with hepatocellular carcinoma. Excluding the cases of hepatocellular carcinoma, the transplants were done in patients with more advanced cirrhosis. There was no increase in the indicators of worse prognosis or complications after the transplantation and there was no change in the 3-month and 1-year post-transplant survival rate.
